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(54) Mercury free discharge lamp with zinc iodide 



(57) Acompactfused silica, electroded HID lamp for 
automotive forward lighting, which contains no mercury. 
The lamps voltage, approximately 40 volts, is developed 
in this lamp by vaporizing zinc iodide instead of mercury. 
A compromise between voltage and luminous flux is 
achieved through the choice of the sodium scandium 
(Na:Sc) molar ratio, between 4.5:1 and 6:1 and a zinc 
iodide (2nl 2 ) dose of 2 to 6 micrograms per cubic mil- 



limeter that permits the lamp to operate within the North 
America, European and Japanese automotive color 
specifications for white light. The voltage in the lamp can 
be controlled according to the zinc iodide doping level 
without seriously impacting the visible spectrum other- 
wise provided by the other known dopants in the lamp. 
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Description 

[0001] The Applicants hereby claim the benefit of their 
provisional application, Serial Number 60/369,731 filed 
April 4, 2002 for Mercury Free Discharge Lamp With 5 
Zinc iodide. 

Background of the Invention 

[0002] The present invention is directed to an electric to 
lamp, and more particularly to a discharge lamp that is 
free of mercury and that contains a zinc iodide dopant. 
[0003] Government agencies and the automotive in- 
dustry have acknowledged concerns with automotive 
mercury use since the early 1 990's. In 1 995 it was de- ts 
termined that mercury switches were responsible for 
more than 99% of the mercury in automobiles - primarily 
in hood and trunk lighting, but also in antilock braking 
systems, Toxics in Vehicles: Mercury, A report by the 
Ecology Center, Great Lakes United, University of Ten- 20 
nessee Center for Clean Products and Clean Technol- 
ogies, January 2001. As a result, the automakers 
agreed to voluntarily phase out mercury switches within 
a few years and to educate auto recyclers how to re- 
move switches from existing vehicles. While the use of 25 
mercury in convenience lighting switches has signifi- 
cantly declined since 1 996, mercury use for ABS appli- 
cations appears to have at least doubled and possibly 
tripled. Other uses of mercury in automobiles, such as 
high intensity discharge headlamps, navigational dis- 30 
plays and family entertainment systems, also appear to 
be on the rise. 

[0004] High Integrity Discharge (HID) headlamps are 
an emerging application for mercury in automobiles. 
These headlamps offer improved visibility, longer life, 35 
and use less energy than standard tungsten halogen 
headlamps. Each HID light source contains approxi- 
mately 0.5 mg of mercury and passes the Federal TCLP 
test for hazardous waste. The European Union (EU) 
ELV (end-of life vehicles) directive exempts mercury- 40 
containing bulbs from its ban on mercury in vehicles. 
The use of HID headlamps is expected to increase as 
introduction on less expensive, higher volume models 
continues. 

[0005] It is reasonable to ask why mercury is present 45 
in an automotive HID lamp. Mercury does not signifi- 
cantly contribute to the visible spectrum during steady 
state operation since its lowest excitation levels are 
higher in energy than the ionization potential of the metal 
halide additives added to produce white light. Mercury so 
is not essential to the operation of the halogen cycle ex- 
cept as a sequestering agent for excess iodine, which . 
is always formed by chemical reaction within the lamp. 
The mercuric iodide resulting in the lamp is largely trans- 
parent to visible light. There are : however, several ad- 55 
ditional functions of mercury that make it extremely use- 
ful. 

[0006] Mercury vapor determines the electrical resist- 



ance of the arc and is a thermal insulator around the 
constricted arc channel. The efficient operation of HID 
lamps with relatively high-pressure metal vapor requires 
a high total pressure filling to prevent rapid diffusion of 
dissociated metal and iodine atoms from the arc core to 
the tube wall. If dissociation took place primarily in the 
arc core and recombination took place primarily at the 
wall, the loss of energy due to the dissociation process 
would be very high, resulting in an inefficient lamp. Mer- 
cury is a convenient way of achieving a high total pres- 
sure for operation while still having a low pressure at 
ignition, so that reasonable starting voltages can be ob- 
tained. 

[0007] If any free iodine vapor is present in the lamp 
at ignition, starting voltages are very high because the 
strong electron-attaching properties of iodine (l 2 ) inter- 
fere with the Townsend avalanche formation, and the 
vapor pressure of iodine (l 2 ) is relatively high at ambient 
conditions (0.4 Torr), W.P. Lapatovich and A.B. 
Budinger, Winkouk in HID Discharges, Paper 0114, 
IEEE Conference Record -Abstracts, 28 th Conference 
on Plasma Science, PPPS-2001 , June 1 7-22, 2000, Las 
Vegas, NV. The presence of mercury in excess then en- 
sures that only mercury iodide (Hgl 2 ) is present at start- 
ing. Although mercury iodide (Hgl 2 ) is also an electron- 
attaching gas, its vapor pressure is substantially lower 
(<10* 3 Torr) and causes only a moderate increase in 
starting voltage. 

[0008] The advantages of mercury - a large potential 
gradient of the positive column, relatively low heat loss, 
low vapor pressure at ambient conditions and relatively 
low cost - precluded the search for other materials that 
would provide appropriate buffer gases for automotive 
HID lamps. Simply removing the mercury is inappropri- 
ate because the electrical and thermal conductivities of 
the arc must be controlled. The ideal replacement for 
mercury would have a large momentum cross-section, 
a high neutral particle density at temperature and high 
excitation and ionization energies. 
[0009] The first two of these goals for a mercury re- 
placement address the need to limit the discharge cur- 
rent at a given lamp power by increasing the resistance 
of the plasma sufficiently. Large excitation and ioniza- 
tion energies are required since the replacement should 
not dominate the visible spectrum significantly, that is, 
only transitions between high lying energy levels are 
possible. In addition to these physical properties, the 
chemical stability of the metal halide salts, electrodes 
and the quartz walls must be guaranteed for a few thou- 
sand hours. Finally, the replacement should be environ- 
mentally friendly. 

[0010] Currently, the EU and the Japanese Electrical 
Lighting Manufacturers Association (J ELM A) are con- 
sidering amending Regulation 99 to include automotive 
mercury free HID lamps. The proposed EU and JELMA 
specifications for automotive mercury type "R-type" HID 
light sources, D1R, D2R, had the following proposed 
characteristics: rated voltage of the ballast 12 volts, rat- 



2 



bnsdocid: <fp 



135127BA? t > 



3 



EP 1 351 276 A2 



4 



ed wattage 35 watts; objective lamp voltage 85 volts, +/- 
17 volts: lamp wattage 35 watts +/- 3 watts; luminous 
flux 2800 lumens +/-450 lumens: color coordinates (x= 
0.375, y= 0.375) with a tolerance of (x > 0.345, y < 0.1 50 
+ 0.640x) and (x > 0.405, y < 0.050 + 0.750x). The cor- 
responding mercury free D3R and D4R lamps were the 
same in each instance, except the objective lamp volt- 
age was 42 volts +7- 9 volts. The proposed EU and JEL- 
MA specifications for automotive mercury type "S-type" 
HID light sources, D1S, D2S, were the same in each 
instance as the D1R and D2R lamps, except the lumi- 
nous flux was to be 3200 lumens. The corresponding 
mercury free lamps, D3S, D4S were the same in each 
instance as the D3R and D4R lamps, (lamp voltages 42 
volts W- 9 volts) except the luminous flux also was to be 
3200 lumens. As can be seen, the proposed perform- 
ance requirements for the mercury free lamps, except 
for operating voltages, are identical to the mercury con- 
taining lamps. The requirement that the arc bending and 
diffusion be the same may significantly limit the choices 
of voltage increasing chemistries. The other differences 
between the D1/D2 (mercury containing) and D3/D4 
(mercury free) lamps are an increase from < 0.3 millim- 
eter to < 0.4 millimeter in electrode diameter (to allow 
for higher currents) and the keying of the bases to insure 
the light sources are not interchangeable. 
[0011] Screening tools for potential mercury replace- 
ments are known . It has been asserted that the inclusion 
of a metal halide whose ionization potential (Vj) is be- 
tween 5 and 1 0 e V and whose vapor pressure is at least 
1 0* 5 atmospheres at the lamp operating temperature will 
sufficiently raise the operating voltage of an automotive 
HID lamp without significantly increasing the rare gas 
pressure, K. Takahashi, M. Horiuchi, M.Takeda, T Saito 
and H. Kiryu, U.S. Patent 6,265,827 (2001). It is further 
asserted that electrode losses are reduced and the 
blackening of the arc tube due to electrode sputtering is 
suppressed. If the metal halide additive has an ioniza- 
tion potential <5 eV, the operating voltage of the lamp 
decreases; if the ionization potential is > 1 0 eV, the lamp 
efficacy decreases; if the vapor pressure at the operat- 
ing temperature is >10' 5 atmospheres, an increase in 
the operating voltage is not observed. 
[0012] One place to look for mercury replacements is 
in the same periodic family: cadmium and zinc. Cadmi- 
um is not a viable candidate since it is toxic and is being 
phased out of vehicle lighting, for example, amber turn 
signal lamps. The life of the lamps containing zinc will 
decrease because of the vigorous attack on the quartz 
at the higher operating temperatures required to obtain 
a sufficiently high vapor pressure (particle density). 
Work in higher wattage ceramic metal halide lamps sug- 
gests a reduction in efficacy of about 8%, a reduction in 
lamp operating voltage of 25% with a lower arc core tem- 
perature, and higherwall temperature when zinc is sub- 
stituted for mercury, M. Born, Mercury-Free High Pres- 
sure Discharge Lamps. Paper 002:L, 9 th International 
Symposium on the Science and Technology of Light 



Sources, Cornell University, Ithaca, NY, Aug. 12-16, 
2001 . In addition, the strong affinity of zinc for iodine ef- 
fectively scavenges iodine from the metal halides, re- 
ducing them to elemental metals, M. Bom and U. Nie- 

5 mann, Interaction of zinc with Rare Earth Halides Under 
Conditions of High Pressure Discharge Lamps, 10 th In- 
ternational IUPAC Conf. on High Temp. Materials Chem- 
istry. April 10-14,2000, Forschungzentrum, Julich, Ger- 
many. The lifetime of lamps at elevated temperature in 

io the presence of aggressive metals (scandium or rare 
earths) is not expected to be sufficiently long for auto- 
motive applications. 

[0013] Another place to look for a replacement is in 
the metal halides. Generally, the choices fall into two 

'5 broad categories: additives that constrict the arc and ad- 
ditives that fatten the arc. The quality and stability of the 
arc in automotive HID lamps is more critical than in nor- 
mal metal halide lamps. The automotive HID lamp is an 
optical source with strict requirements for arc position, 

20 arc bending and arc diffusion. Arc constricting chemis- 
tries have the advantage of tending to increase the lamp 
operating voltage. However, in constricted arcs convec- 
tion carries the arc upward toward the top of the arc tube 
where severe localized heating can occur and very con - 

25 stricted arcs tend to be unstable. Thorium iodide (Thl 4 ) 
and excess iodine (l 2 ) have historically yielded constrict- 
ed arcs. Many of the spectrally rich metals yield lamps 
with poorly wall-stabilized arcs. The poor quality of these 
arcs results from the metal having many energy levels, 

30 a number of which are quite low-lying, so that the aver- 
age excitation potential is quite low relative to the ioni- 
zation potential (V^g < V/2). Alkali metal iodides are 
typical of arc fattening additives. Alkali metals have a 
low ionization potential and this has the effect of making 

35 electrons available in low-temperature regions of the 
arc. The presence of these electrons allows for electrical 
current flow, which in turn leads to power dissipation and 
more heat generation in these regions. The net effect is 
to raise the temperature locally and increase the diam- 

40 eters of the high-temperature region of the arc and of 
the electrically conducting region. As a result, the arc 
current for a given wattage increases and the operating 
voltage decreases. The addition of alkali to the quartz 
arc tube is possible only as iodides because the metals 
would react vigorously with the wall at the lamp operat- 
ing temperatures. 

[0014] The addition of gallium, indium and thallium io- 
dides alone or in combination does not, in general, result 
in constricted arcs. The energy levels of these metals 

50 are more like those of mercury in that there are relatively 
few of them and most of them are of energy greaterthan 
or equal to half the ionization potential. This would pre- 
dict wall-stabilized arcs, and also hold the promise of 
voltage enhancement. 

55 [0015] It is possible to use these higher vapor pres- 
sure additives in combination with rare earth halides to 
produce chemical complexes within the lamp. The 
chemical complexing increases the number density of 
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the radiating species, provides some buffering against 
wall reactions, and could also enhance the voltage drop 
across the coiumn, W.P. Lapatovich and J.A. Baglio, 
Chemical Complexing and Effects on Metal Halide 
Lamp Performance, Paper 026:1, 9 th International Sym- 
posium on the Science and Technology of Light Sourc- 
es, Cornell University, Ithaca, NY, Aug. 12-16, 2001 . The 
result would be a rare earth complex chemistry, for ex- 
ample, Dyl 3 with tnl. However, the addition of complex- 
ing agents can have unintended consequences such as 
a shift in color coordinates as seen in Figure 1. Figure 
1 shows the effect of metal iodides on the color coordi- 
nates (CCX, CCY) of a mercury free, rare earth chem- 
istry, the ploygon repersents the boundary of the SAE 
white region. 

[0016] Considerable effort has been expended in re- 
cent years to produce mercury free lamps that operate 
at high voltages so they can be used as retrofits with 
existing ballasts. Examples of art where high doses of 
metal additives are used to elevate the voltage are 
taught by Ishigami et al. in EP 0 883 1 60 A1 , by Takeda 
etal.in EP 1 032 010 A1 and Uemura et al. in EP 1 150 
337 A1 . Examples of other voltage enhancing additives 
are taught by Takahashi et al. in EP 1 1 72 839 A2, and 
by Takahashi et al. in U.S. 6,265,827. Examples of high 
efficacy fills of a corrosive or toxic nature are taught by 
Kaneko et al. in EP 1 1 72 840 A2. 
[0017] The use of zinc iodide in discharge lamps is 
known. See, for example, U.S. patents 4,766,348; 
5,013,968; 4,992,700; 4,678,960; and 4,360,758. How- 
ever, there is no suggestion in these references to use 
a particular amount of zinc iodide as a substitute for mer- 
cury in the lamp. 

Summary of the Invention 

[0018] An object of the present invention is to provide 
a novel mercury free discharge lamp in which zinc iodide 
is substituted for mercury. 

[0019] A further object of the present invention is to 
provide a novel mercury free discharge lamp for auto- 
motive use in which zinc iodide in the amount of 2 to 6 
micrograms per cubic millimeter of enclosed volume is 
substituted for mercury. 

[0020] These and other objects of the present inven- 
tion are achieved with a discharge lamp made from 
fused silica that has the following components: 

a light transmissive quartz envelope defining an en- 
closed volume of between 1 8 to 42 cubic millime- 
ters; 

a first tungsten electrode extending through the en- 
velope in a sealed fashion to contact the enclosed 
volume; 

a second tungsten electrode extending through the 
envelope in a sealed fashion to contact the en- 
closed volume, where the tungsten electrode diam- 
eters are between 0.20 to 0.40 millimeter; and 



a fill material positioned in the enclosed volume, 
where the fill material includes zinc iodide; sodium 
iodide: scandium iodide, and an inert fill gas, but 
does not include mercury or mercury compounds; 

5 

. where the zinc iodide has a concentration in the 
enclosed volume ranging from 2 to 6 micrograms per 
cubic millimeter, with 3 to 4 micrograms per cubic mil- 
limeter being preferred; 
10 where the sodium iodide has a concentration in 
the enclosed volume ranging from 5.0 to 5. 7 micrograms 
per cubic millimeter; 

where the scandium iodide has a concentration in 
the enclosed volume ranging from 2.7 to 3.3 micrograms 
15 per cubic millimeter; and 

where the inert fill gas (preferably xenon) has a 
cold (ambient) fill pressure in the enclosed volume rang- 
ing from 0.6 to 1.22 megapascals. 

20 Brief Description of the Drawings 

[0021] 

Figure 1 is a graph showing the effect of metal io- 
25 dides on the color coordinates (CCX, CCY) of a 
mercury free rare earth chemistry. The polygon rep- 
resents the boundary of SAE white. 
Figure 2 is a pictorial representation of a lamp of the 
present invention. 
30 Figure 3 is a graph showing the spectral compari- 
son of an embodiment of the present invention and 
standard automotive lamp chemistry with mercury. 
Figure 4 is a graph showing data from sample run 
of an embodiment of the present invention. Note 
35 that the color coordinates are within the Regulation 
99 requirements, 

Figure 5 is a graph showing the thermal conductivity 
of a series of mercury free Nal-Scl 3 ratios with zinc 
iodide (Znl 2 ) 

to Figure 6 is a graph showing the electrical conduc- 
tivity of a series of mercury free Nal-Scl 3 ratios with 
zinc iodide (Znl 2 ). 

Figure 7 is a graph showing the effects of additives 
on the voltage and lumens of Nal-Scl 3 . 
45 Figure 8 is a graph showing a relationship between 
zinc iodide (Znl 2 ) dose and voltage (rms) in a lamp 
of the present invention. 

Figure 9 is a graph showing lumen maintenance da- 
ta for mercury free standard automotive lamp chem- 
50 istry. 

Figure 1 0 is a graph showing color maintenance da- 
ta for mercury free standard automotive lamp chem- 
istry. 

55 Description of Preferred Embodiments 

[0022] The present invention uses zinc iodide (Znl 2 ) 
for voltage enhancing additives in specific amounts. 
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[0023] Based on the inventors' experiments, and the 
compromises which must be made in selecting environ- 
mentally friendly fills, the present invention is prescribed 
to be a Na-Sc iodide fill with precise amounts of zinc 
iodide (Znl 2 ) added to replace the mercury. The bulb di- 5 
mensions can substantially remain the same as the 
present D2 size tamp (inner diameter about 2.7 millim- 
eter, body outer/diameter about 6 millimeter, and inner 
length about 7.2 millimeter) with an arc gap between 
electrode tips of 4.2 millimeter nominally. The Na:Sc mo- 10 
lar ratio is in the range of 4:1 to 6:1 with preferred ratios 
of 4:5:1 and 6:1. Lowering the molar ratio leads to in- 
crease lumens but causes accelerated wall reactions 
and reduced maintenance. Increasing the molar ratio re- 
duces the wall reaction rate, but shifts color and reduces '5 
lumens. 

[0024] The amount of salt in the lamp must be kept 
low to prevent creeping of the molten condensate up the 
inner surface of the lamp and interfering with the optical 
line-of-sight to the bright arc within the vessel as dis- 20 
cussed by Kaneko et al. in EP 1 172 840 A2. Thin films 
of salt also can absorb light and lead to undesirable color 
shifts in the lamp. The preferred Na-Sc iodide salt dose 
is within the range of 02 to 0.25 mg in a quartz vessel 
of approximately 25 mm 3 volume. 25 
[0025] For the D2 size lamp, zinc iodide (Znl 2 ) is 
dosed in the amount between 0.05 to 0.1 5mg, with the 
preferred amount being 0.1 mg. In general, the zinc io- 
dide (Znl 2 ) is dosed at 2 to 6 micrograms per cubic mil- 
limeter. An inert gas, such as xenon, is dosed into the 30 
lamp such that the fill pressure at room temperature is 
between 0.6 to 1 .22 megapascal. 
[0026] In the present invention, the electrodes are 
doped typically with between 0.5 to 2.0 weight percent 
of Th0 2 . The preferred level is about 1 % by weight. Pure 35 
tungsten electrodes could be used. 
[0027] In a preferred embodiment, shown in Figure 2, 
the discharge lamp 1 0 is made from fused silica and has 
the following components: 

40 

a light transmissive quartz envelope 12 defining an 
enclosed volume 14 of between 1 8 to 42 cubic mil- 
limeters; 

a first tungsten electrode 1 6 extending through the 
envelope 12 in a sealed fashion to contact the en- 
closed volume 14; 

a second tungsten electrode 18 extending through 
the envelope 12 in a sealed fashion to contact the 
enclosed volume 14, where the tungsten electrode 
16, 18 diameters are between 0.20 to 0.40 millime- so 
ter; and 

a fill material 20 positioned in the enclosed volume, 
where the fill material includes zinc iodide; sodium 
iodide; scandium iodide, and an inert fill gas, but 
does not include mercury or mercury compounds; 55 

where the zinc iodide has a concentration in the 
enclosed volume ranging from 2 to 6 micrograms per 



cubic millimeter, with 3 to 4 micrograms per cubic mil- 
limeter being preferred; 

where the sodium iodide has a concentration in 
the enclosed volume ranging from 5.0 to 5.7 micrograms 
per cubic millimeter; 

where the scandium iodide has a concentration in 
the enclosed volume ranging from 2.7 to 3.3 micrograms 
per cubic millimeter; and 

where the inert fill gas (preferably xenon) has a 
cold (ambient) fill pressure in the enclosed volume rang- 
ing from 0.6 to 1 .22 megapascals. 
[0028] It is not apparent that Nal-Scl 3 -Znl 2 chemis- 
tries would be the preferred embodiment for mercury 
free automotive HID lamps. Figure 3 shows data from 
sample runs of the current lamp embodiment. Surpris- 
ingly, the spectral output is nearly identical to mercury 
containing lamps (Figure 3) and the color coordinates, 
while shifted from the nominal positions, still fall within 
the restrictive requirements of Regulation 99 (Figure 3), 
where the color coordinates are all seen to be within the 
polygon defining the Regulation 99 requirement. The 
ability to satisfy the stringent color point requirements is 
a unique and unanticipated feature of the present inven- 
tion. For example, rare earth mercury free complexes 
may have higher CRIs, but also show variable CCTs, 
and displaced color point relative to Nal-Scl 3 -Znl 2 
chemistries. 

[0029] The Nal-Scl 3 -Znl 2 chemistries tend to allow 
the lamp to run cooler and the voltage rise over life ap- 
pears to be smaller than with the rare earth complexes 
and it can be less reactive than the rare earth complex 
chemistries that have been examined. However, while 
constricting chemistries tend to increase lumen output, 
they also tend to be more chemically aggressive, bow 
more and may be prone to instability. 
[0030] The inventors' experiments show that the volt- 
age in mercury free HID lamps can be adjusted to reach 
85 volts, the nominal operating voltage for mercury con- 
taining lamps. However, the increase in voltage is 
achieved with a corresponding decrease in lumen but- 
put. This is primarily due to the increased thermal con- 
ductivity of the pure zinc iodide (Znl 2 ) vapor compared 
to mercury. The high thermal conductivity cools the arc 
core which reduces the radiative efficiency, W.P. Lapa- 
tovich and J. A. Baglio, Chemical Completing and Ef- 
fects on Metal Halide Lamp Performance, Paper 026: 1, 
9 th International Symposium on the Science and Tech- 
nology of Light Sources, Cornell University, Ithaca, NY, 
Aug. 12-16, 2001 . This heat is transported to the walls 
of the arc lamp and causes the mercury free lamps to 
run hotter than the mercury containing counterparts at 
the same power level. 

[0031] Figures 5 and 6 show comparisons of the cal- 
culated thermal and electrical conductivity of mercury 
free Nal-Scl 3 -Znl 2 and the standard chemistry with mer- 
cury. Figure 5 shows the thermal conductivity of a series 
of mercury free sodium iodide scandium iodide ratios 
with zinc iodide. In Figure 5, note the small dip from 3000 
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to 3500 °K and that thermal conductivity at the arc core 
temperatures is significantly higher for the zinc iodide 
(Znl 2 ) chemistries. Figure 6 shows the electrical con- 
ductivity of a series of mercury free sodium iodide scan- 
dium iodide ratios with zinc iodide. Figure 6 shows an 5 
order of magnitude increase in the electrical conductivity 
at the arc core temperature of the mercury free Nal -Scl 3 - 
Znl 2 chemistries relative to the standard chemistry with 
mercury. This manifests itself as a lower operating volt- 
age. 10 
[0032] The inventors have discovered that the zinc io- 
dide cools the arc, and this generally reduces the 
number of lumens produced. A controlled amount of 
zinc iodide is therefore needed to get the correct voltage 
while still maintaining the number of lumens needed. '5 
With no zinc iodide the lamp has an operating voltage 
of 25 or 30 volts? The D2 size lamp voltage rapidly rises 
to about 95 volts with about 0.4 micrograms of zinc io- 
dide. 

[0033] Since automotive HID lamps are optical sourc- 20 
es, the position, shape and stability of the arc are very 
important. 

[0034] A typical D2S arc is well stabilized but not 

"fluffy. 

[0035] This is the arc presentation automotive lamp 25 
makers expect. In a mercury lamp, changing from a 
Nal-Scl 3 chemistry to a rare earth complex chemistry 
causes the arc to be fatter. Removing mercury may still 
provide an acceptable arc presentation but arc lumi- 
nance, lumens, color and arc stability over the life of the 30 
lamp are equally important and it is here that such mer- 
cury free lamps fall short of requirements. 
[0036] Figure 7 shows the effects of additives on the 
voltage and lumens of NalScl 3 . The effect of adding zinc 
iodide (2nl 2 ) to mercury free Nal-Scl 3 chemistries is not 35 
only to increase the operating voltage, but also to reduce 
the efficacy of the lamps as shown in Figure 7. Here one 
sees the approximately 60 volt reduction in operating 
voltage by removing mercury. The effect of zinc iodide 
(2nl 2 ) is to increase voltage but at the expense of light *o 
output, and thus the particular range of zinc iodide (Znl 2 ) 
of the present invention assumes particular importance. 
This is partially due to radiation from the Zn in unwanted 
spectral regions and partially due to the reduced core 
temperature as discussed above. The effect of the dose 
of zinc iodide (Znl 2 ) on the voltage for a D2 size lamp is 
shown in Figure 8. Test lamps operated at 500 Hz 
switched DC confirm the acceptability of the lamp of the 
present invention. 

[0037] Other easily vaporized salts could be used to so 
enhance voltage, for example, Til, Cd and Sb halides, 
etc.) but are contrary to an object of the present inven- 
tion which is to provide an environmentally friendly lamp. 
[0038] One advantage that Nal-Sci 3 chemistry enjoys 
over the rare earth complexes is the range of composi- 55 
tions available and the predictable performance of volt- 
age enhancers across those ranges. Figure 9 shows lu- 
men maintanince for mercury free lamps with standard 



10 

automotive chemistries. Figure 1 0 shows color maintan- 
ince for mercury free lamps with standard automotive 
chemistries. Lumen maintenance of Nal-Scl 3 chemis- 
tries shows a favorable trend as seen in Figure 9 and 
color maintenance as seen in Figure 1 0. Many of the 
rare earth chemistry complexes exhibited rapid chemi- 
cal reaction and inferior lumen maintenance. 
[0039] Preliminary evaluation in both projector and re- 
flector optics indicates that no major redesign of head- 
lamps will be necessary for Nal-Scl 3 -Znl 2 mercury free 
chemistries. Tests have shown that the 'hockey stick" 
cut-off requirement of Regulation 98 are met; while the 
glare requirements have been satisfied, one of the test 
points is below specification. Similar results have been 
observed with D4R and DOT compliant headlamps. 
[0040] Based on the beam patterns it is clear that the 
optic need not be redesigned to accommodate the mer- 
cury free lamp, however, because of subtle changes in 
the arc geometry, headlamp optics can be adjusted to 
improve the candela at certain test points. Better beam 
patterns would thus be achievable than with a simple 
substitution into an existing optic. 
[0041 ] One example of the lamp of the present inven- 
tion is an arc discharge lamp with a sodium scandium 
iodide (NaScl 4 ) dopant with a sodium to scandium molar 
ratio of 6 to 1, in a cylindrical, pre-formed quartz enve- 
lope of pure quartz that has a volume of 25 mm 3 . The 
fill includes 8 atmosphere (ambient temperature) of xe- 
non. This may be a mixture of rare gases such as xenon 
and argon. The electrodes are tungsten rods, 0.01 inch- 
es in diameter with a standard electrode gap of 4.2 mil- 
limeters. No mercury is included in the lamp. About 0.1 
to 0.4 mg of zinc iodide (Znl 2 ) is included. This lamp pro- 
vides 3000 lumens at 35 volts. The melt temperature is 
about 800 degrees Celsius. The added zinc iodide caus- 
es an increased thermal conductivity and hotter wails 
that may be offset with the inclusion of the argon. 
[0042] A method of controlling the voltage of a mer- 
cury free metal halide lamp without substantial changing 
of the visible spectrum produced, includes the steps of: 

providing a double ended quartz envelope defining 
an enclosed volume of 18 to 42 cubic millimeters; 
sealing a first electrode through the quartz envelope 
and contacting the enclosed volume; 
sealing a second electrode through the quartz en- 
velope and contacting the enclosed volume; 
providing an inert fill gas of xenon in the enclosed 
volume having a cold pressure of 0.6 to 1 .22 meg- 
apascals; 1 

providing a first fill component in the enclosed vol- 
ume including sodium iodide with a concentration 
from 5.0 to 5.7 micrograms per cubic millimeter of 
the enclosed volume and scandium iodide with a 
concentration of from 2.7 to 3.3 micrograms per cu- 
bic millimeter of the enclosed volume, but not in- 
cluding mercury or a mercury halide otherwise re- 
sulting in a first visible spectrum having a first spec- 
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tral integral from 350 to 800 nanometers; and 
adjusting a concentration of zinc iodide in the en- 
closed volume between 2 to 6 micrograms per cubic 
millimeter of the enclosed lamp so that the lamp 
voltage correspondingly varies between 42 and 85 
volts and provides a second visible spectrum hav- 
ing a spectral integral from 350 nanometers to 800 
nanometers not different from the first spectral inte- 
gral by more than five percent of the first spectral 
integral. 

[0043] The spectra are compared by integrating the 
square of their absolute difference over the visible range 
(approximately 350 to 800 nanometers). This is divided 
by the integral of undoped spectra to form a percent dif- 
ference measurement. If there is zero percent differ- 
ence, the spectra are the same. If there is a small dif- 
ference in the spectra, then the percent difference is on- 
ly a few percent. If the spectra are substantially different, 
then the percent difference is large. 
[0044] While embodiments of the present invention 
have been described in the foregoing specification and 
drawings, it is to be understood that the present inven- 
tion is defined by the following claims when read in light 
of the specification and drawings. 

Claims 

1 . A mercury free discharge lamp, comprising: 

a double ended quartz envelope defining an en- 
closed volume of 18 to 42 cubic millimeters; 
a first electrode sealed through the quartz en- 
velope and contacting the enclosed volume; 
a second electrode sealed through the quartz 
envelope and contacting the enclosed volume; 
an inert fill gas in the enclosed volume having 
a cold pressure of 0.6 to 1.22 megapascals; 
and 

a fill component in the enclosed volume that in- 
cludes a metal halide and zinc iodide, the zinc 
iodide having a concentration of 2 to 6 micro- 
grams per cubic millimeter of the enclosed vol- 
ume, the enclosed volume not having either 
mercury or a mercury halide therein. 

2. The lamp of claim 1 , wherein the concentration of 
zinc iodide is 3 to 4 micrograms per cubic millimeter 
of the enclosed volume. 

3. The lamp of claim 1 , wherein the fill comprises so- 
dium iodide with a concentration of 5 to 5.7 micro- 
grams per cubic millimeter of the enclosed volume. 

4. The lamp of claim 1 , wherein the fill comprises scan- 
dium iodide with a concentration of 2.7 to 3.3 micro- 
grams per cubic millimeter of the enclosed volume. 



5. The lamp of claim 1 , wherein the inert fill gas com- 
prises xenon. 

6. The lamp of claim 1 , wherein the fill comprises so^ 
5 dium iodide (Nal) and scandium iodide (Scl 3 ) and 

the zinc iodide is Znl 2 . 

7. A mercury free discharge lamp for operation at ap- 
proximately 42 volts AC, comprising: 

10 

a double ended quartz envelope defining an en- 
closed volume of 1 8 to 42 cubic millimeters, the 
enclosed volumes containing neither mercury 
nor a mercury halide; 

15 a first electrode sealed through the quartz en- 

velope and contacting the enclosed volume; 
a second electrode sealed through the quartz 
envelope and contacting the enclosed volume; 
a xenon fill gas in the enclosed volume having 

20 a cold pressure of 0.6 to 1 .22 megapascals; 

a first fill component in the enclosed volume in- 
cluding sodium iodide with a concentration of 
from 5.0 to 5.7 micrograms per cubic millimeter 
and scandium iodide with a concentration of 

25 from 2.7 to 3.3 micrograms per cubic millimeter; 

and 

a second fill component in the enclosed volume 
including zinc iodide with a concentration of 2 
to 6 micrograms per cubic millimeter. 

30 

8. A method for controlling the voltage of a mercury 
free metal halide lamp without substantially chang- 
ing a visible spectrum thereof, comprising the steps 
of: 

35 

providing a double ended quartz envelope de- 
fining an enclosed volume of 1 8 to 42 cubic mil- 
limeters; 

sealing a first electrode through the quartz en- 

40 velope and contacting the enclosed volume; 

sealing a second electrode through the quartz 
envelope and contacting the enclosed volume; 
providing an inert fill gas of xenon in the en- 
closed volume having a cold pressure of 0.6 to 

45 1 .22 megapascals; 

providing a first fill component In the enclosed 
volume including sodium iodide with a concen- 
tration from 5.0 to 5.7 micrograms percubic mil- 
limeter of the enclosed volume, and scandium 

so iodide with a concentration of from 2.7 to 3.3 

micrograms per cubic millimeter of the en- 
closed volume, but not including mercury or a 
mercury halide otherwise resulting in a first vis- 
ible spectrum having a first spectral integral 

55 from 350 to 800 nanometers; and 

adjusting a concentration of zinc iodide in the 
enclosed volume between 42 to 85 micrograms 
per cubic millimeter of the enclosed lamp so 
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that the lamp voltage correspondingly varies 
between 42 and 85 volts and provides a second 
visible spectrum having a spectral integral from 
350 nanometers to 800 nanometers not differ- 
ent from the first spectral integral by more than 5 
five percent of the first spectral integral. 

A method of controlling the voltage of a mercury free 
metal halide lamp without substantially changing 
the visible spectrum produced, comprising steps of: io 

providing a double ended quartz envelope de- 
fining an enclosed volume; 
sealing first and second electrodes through the 
quartz envelope and contacting the enclosed '5 
volume; 

providing an inert fill gas in the enclosed vol- 
ume having a cold pressure of more than 0.6 
megapascals; 

providing a fill component in the enclosed vol- 20 
ume including a metal halide, but not including 
mercury or a mercury halide otherwise resulting 
in a first visible spectrum having a first spectral 
integral from 350 nanometers to 800 nanome- 
ters; and 25 
adjusting a concentration of zinc iodide in the 
enclosed volume between 2 to 6 micrograms 
per cubic millimeter so that the lamp voltage 
correspondingly varies between from the volt- 
age of operation without the zinc iodide (un- 30 
doped voltage) and approximately half the un- 
doped voltage, and provides a second visible 
spectrum having a second spectral integral 
from 350 nanometers to 800 nanometers not 
different by more than five percent of the first 35 
spectral integral. 
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